Objective. The increasing incidence of cancer survivorship has shifted treatment of cancer-related pain from short-term analgesia to long-term chronic pain management. As a result, alternatives to oral analgesics, such as intrathecal therapy, may be beneficial for patients with cancer-related pain. The authors review the use of intrathecal therapy in the management of cancer-related pain.
Introduction
Pain is one of the most common, onerous, and distressing symptoms for patients with cancer [1] and is a significant factor underlying impairment of quality of life [2] . A recent systematic review and meta-analysis reported that 52% of patients with cancer experienced pain, regardless of the stage of their disease [1] . High rates of pain were reported by patients with advanced, metastatic, or terminal disease (64%), and among those receiving anticancer treatment (59%). In addition, 33% of patients continued to report pain even after curative treatment [1] . Patients diagnosed with cancer may have pain prior to their cancer diagnosis, which can then be worsened by cancer-related treatment (e.g., surgery) [3, 4] . To counteract this, prehabilitation before and/or during cancer treatment, such as exercise and relaxation techniques, may be valuable in reducing pain [5] [6] [7] [8] and improving treatment completion [9] . Moreover, pain should be adequately addressed throughout cancer treatment, as inadequately controlled pain during this V C 2016 American Academy of Pain Medicine. This is an Open Access article distributed under the terms of the Creative Commons Attribution-NonCommercial-NoDerivs licence (http://creativecommons.org/ licenses/by-nc-nd/4.0/), which permits non-commercial reproduction and distribution of the work, in any medium, provided the original work is not altered or transformed in any way, and that the work properly cited. For commercial re-use, please contact journals.permissions@oup.com time period can predispose patients to development of chronic pain after treatment cessation [10] .
The number of cancer patients receiving life-prolonging or curative treatment continues to increase in the United States, from an estimated 3.0 million survivors in 1971 to 9.8 million in 2001 and 13.7 million in 2012 [11, 12] . In addition, cancer survivors are living longer after diagnosis, which means that the duration of survivorship is increasing [11, 12] . According to the National Coalition for Cancer Survivorship definition, a person is considered a cancer survivor from the time of diagnosis through the rest of his or her life [13, 14] ; however, survivorship research typically focuses on the subgroup of patients with a history of cancer who are beyond the acute diagnosis and treatment phase of illness [13] . These patients have multiple medical and psychosocial needs that should be addressed to optimize outcomes, including adequate control of chronic pain [15, 16] . Cancer survivors are prone to chronic pain syndromes such as neuropathy, lymphedema, myalgia, arthralgia, post-surgical pain, and genital pain [7] . Cancer survivors with chronic pain include patients with pain related to active disease progression and those in whom the disease has been arrested or eradicated. Unlike individuals with chronic noncancer pain, cancer survivors may have identifiable tissue damage underlying the pain and must contend with the prospect of possible recurrence of the cancer [17] . However, the cause of chronic pain in cancer survivors without active disease is often related to treatment rather than the cancer itself [17, 18] . Surgery, radiation therapy, chemotherapy, hematopoietic cell transplantation, and hormonal therapy can all lead to chronic pain conditions in cancer survivors [17] [18] [19] . The mechanisms underlying the association between chronic pain and cancer-related treatments remain largely elusive; however, nerve damage may be the consequence of surgery and radiation therapy [10] . Chemotherapeutic agents appear to elicit peripheral neuropathic pain by inducing axonal damage and mitochondrial dysfunction and increased oxidative stress that results in heightened inflammation and altered neurotransmission [18, 20] .
Because the number and duration of cancer survivorship is increasing, cancer survivors with chronic pain may benefit from treatment strategies that are used in the management of chronic pain of noncancer origin [10, 17] . In cancer survivors, chronic neuropathic and nociceptive (or skeletal) pain is typically managed with systemic pain medications, with opioids traditionally recommended as first-line therapy [21] . Evolving concerns regarding long-term use of systemic opioids, including lack of effectiveness, adverse events, abuse/dependence, and tolerance, are similar for patients with cancer-related and noncancer-related chronic pain [22] , as well as opioid-induced immunosuppression [23] , have resulted in consideration of nonopioid [10, 17, 22] and nonsystemic opioid (i.e., intrathecal [IT] drug delivery) strategies to control chronic pain.
IT drug delivery bypasses the blood-brain barrier and delivers medication directly into the IT space of the spinal column via an indwelling catheter connected to an implanted reservoir that is controlled by a programmable pump, which may be implanted or external [24] [25] [26] . Although IT treatment has traditionally been viewed as salvage therapy for patients who are unresponsive to or intolerant of high-dose opioids [25] , it is increasingly recognized that IT therapy can improve pain care and increase functioning in patients who do not obtain adequate analgesia after a reasonable course of systemic opioid therapy, and in those intolerant of normal doses of systemic opioids [25, 27] .
Two medications, morphine (an opioid) and ziconotide (a nonopioid), are currently approved by the US Food and Drug Administration (FDA) for IT analgesia [28] [29] [30] . Morphine was approved for IT administration in the treatment of intractable chronic pain [30] based on efficacy data obtained from other routes of administration, and from retrospective studies of IT use. Based on the results of three randomized, placebo-controlled trials [31] [32] [33] , ziconotide is indicated for the management of severe chronic pain in patients for whom IT therapy is warranted, and who are intolerant of or refractory to other treatment, such as systemic analgesics, adjunctive therapies, or IT morphine [29] . Morphine and ziconotide are the only agents recommended as first-line IT therapies for both neuropathic and nociceptive pain by the Polyanalgesic Consensus Conference (PACC); however, several other opioids (i.e., hydromorphone, fentanyl, sufentanil) and nonopioids (bupivacaine, clonidine, and baclofen), used alone or as combination therapy, are also included in the PACC recommendations for IT analgesia (Table 1) [27, 28] . The aim of this review is to provide a clinically relevant summary of the use of IT therapy in the management of cancer-related pain and the two US FDA-approved analgesics (morphine and ziconotide).
Methods
All searches of the Medline database were conducted on June 19, 2015. A search for "ziconotide" AND ("cancer" OR "malignant") in title or abstract yielded 31 English-language articles; review of article titles/abstracts identified 24 articles for further evaluation. A search for "morphine" AND ("cancer" OR "malignant") AND "intrathecal" in the title or abstract yielded 213 English-language articles; of these, 24 articles were evaluated. Available abstracts from scientific congresses in the areas of neuromodulation and oncology were also reviewed. The selection of articles was not based on a scoring system; instead, articles were included in this review if they reported research results or provided other clinically relevant information regarding the use of IT therapy in the management of cancer-related pain. Articles were evaluated for the quality of study design: randomized, controlled trials; prospective, cohort, or observational studies; and retrospective analyses. 
Patient Selection for Intrathecal Therapy for Cancer-Related Pain
The majority of patients with cancer-related pain can be adequately managed with conservative medical therapies such as systemic opioids [34] . However, implantation of an intrathecal implantable drug delivery system (IDDS) and IT therapy should be considered in patients with intractable focal pain or those intolerant of the side effects of systemic opioids [34] . Patients undergoing long-term toxic chemotherapy regimens may particularly benefit from IT therapy, rather than systemic analgesics, due to the lower additive risk of adverse events [35] . However, careful patient selection is required to increase the probability of success [34] .
First, it should be confirmed that the chronic cancerrelated pain is refractory to more conservative therapies and that comorbid psychiatric disorders and psychosocial issues that could negatively affect the treatment outcome have been adequately addressed [36] . This often requires comprehensive multidisciplinary evaluation by a variety of medical and sociological professionals, including oncologists, neurologists, psychiatrists, and social workers [34] . Psychological assessment is vital for identifying trait-related factors (e.g., personality, cognitive functioning), psychiatric conditions (e.g., anxiety, depression), and psychosocial issues (e.g., inadequate social support) that may hinder the patient's ability to comply with the requirements of IT therapy [28, 34, 37, 38] . Such psychological assessment may be foregone in patients with end-stage cancer but should be conducted in cancer survivors with chronic cancer-related pain [34, 39] . In addition, existential and spiritual concerns should be addressed by providing counseling [40] .
Once it has been established that the patient is a candidate for IDDS, PACC guidelines indicate that a trial of IT therapies may be considered before actual implantation of the IDDS to evaluate medication tolerability, response, and patient acceptance of the IT delivery method [37] . Trialing may be performed using a bolus injection or continuous infusion via the IT pump, if already implanted for use with other treatments, or an extramural pump (in patients without an IT pump implanted) [28] . Trialing may be contraindicated in patients with medical comorbidities related to cancer treatment, such as coagulopathies and immunodepression, but careful coordination with other members of the treatment team (e.g., oncologists) may allow for trialing [39, 41] . Trialing may also be foregone in patients with cancer-related pain and limited life expectancy in order to avoid delaying initiation of IT therapy [37, 39] . For such patients, an equation was developed to identify the appropriate initial dose of IT opioid therapy based on the patient's systemic opioid dose (in morphine equivalents) prior to pump implant [42] . Otherwise, for cancer survivors without active, progressive disease, a standard trial of IT therapy is recommended [39] . The authors now recommend conservative IT opioid dosing for all patients except those with end-stage cancer.
It should be noted that the role of the trial continues to be debated by experts in the field; there is no consensus definition of outcomes to evaluate success, and well-designed studies on the utility of trialing are lacking [37] . The definition of a "successful" trial has not been standardized and may vary depending on patients' abilities and goals [37] . During development of its consensus guidelines, the PACC regarded trial success as achievement of a 50% reduction from baseline in visual analog scale (VAS) or numeric analog scale (NAS) pain scores [37] ; however, the guidelines concede that no official definition of success was reached [37] . Failure to achieve an arbitrary definition of success may prevent access to treatment for patients who might obtain benefits from longer-term IT therapy. Furthermore, in some cases, an improvement in functional ability-not just pain-might signify efficacy and justify IDDS implantation [34] .
Several IT therapies are available for use in patients with cancer pain, but only morphine, a m-opioid receptor antagonist, and ziconotide, a selective N-type calcium channel antagonist, have been approved by the FDA for IT therapy in patients with chronic pain, which includes cancer pain [28] . Trialing is typically performed for both medications to determine dosage and tolerability [28] . Most types of cancer-related pain respond to IT treatment, although the overall efficacy may vary by cancer type [39] . Patients with a defined pain etiology, as is typically the case in cancer-related pain [17, 19] , are considered good potential candidates for IT therapy. IT opioid therapy is appropriate for visceral and somatic nociceptive pain such as that experienced by patients with soft-tissue cancers (e.g., liver cancer) and bone metastases, respectively; both pain types seem to respond to IT opioid therapy [39] . Neuropathic pain associated with plexopathies may also benefit from IT opioid delivery [39] . Patients with mixed nociceptive/neuropathic pain may require combination IT therapy for optimal analgesic response [39] . IT ziconotide monotherapy may be useful for patients who are opioid resistant, have opioidinduced hyperalgesia, or are sensitive to opioid side effects [38] . In addition, ziconotide may be more appropriate than opioids for patients with obstructive sleep apnea, lung disease, or reduced pulmonary reserve; patients who have an increased risk of catheter-tip granulomas; and younger patients who have a long life expectancy [38] . In general, patients with high tumor mass burden, chronic postsurgical pain, and diffuse metastatic disease should be considered for IT therapy.
Patients with cancer-related pain who responded to systemic opioids but were unable to tolerate the doses required for sufficient pain relief may receive benefit from IT opioids [34] . However, it is unlikely that patients with a poor response to systemic opioids will respond to IT opioid administration [34] ; those patients may benefit not only from a change in route of analgesic administration but also a change in mechanism of action.
For patients considered candidates for IT therapy, practical placement considerations must be addressed before IDDS implantation. Patients with pain in the lower portions of the body (i.e., below the upper thoracic region) are most appropriate for IDDS implantation as placement may be more complicated in the rostral spinal column [34] . Catheter placement at a spinal location congruent with the primary site of pain origin is important, due to the limited bulk flow of cerebrospinal fluid, which restricts the rostral spread of IT agents [25, 34] .
Efficacy and Safety of Approved Intrathecal Therapy in Patients With Cancer-Related Pain
Very few randomized, controlled trials have investigated the efficacy and safety of IT therapy in the management of cancer-related pain. Prospective, observational studies and retrospective analyses are relatively more common. The higher-quality studies available on this topic (randomized, controlled trials and prospective, observational studies) are summarized in Table 2 .
Morphine
Morphine has been administered intrathecally for analgesia for more than 30 years [43] , and one randomized, controlled trial has specifically assessed its efficacy and safety in patients with cancer-related pain (Table 2 ) [44] . In this trial, 202 patients with refractory cancer-related pain were randomized to receive an IDDS plus conventional medical management (CMM) or CMM alone [44] .
All patients who received an IDDS were started on IT morphine; baseline median systemic morphine equivalent dose (MED) was similar among both groups (IDDS, 250 mg; CMM, 272 mg). Other IT analgesics were permitted for patients in whom morphine did not provide adequate pain relief [44] ; such regimens included hydromorphone, morphine combined with bupivacaine or droperidol, and combined therapy with clonidine [44] . Some patients received a different treatment than the one to which they were randomized; therefore, as treated analyses were also conducted for assessment of pain (based on VAS score, range 0 [no pain] to 10 [worst pain imaginable]) and opioid-related side effects [44] . Drug tolerability was determined based on the sum of 15 preselected drug toxicity scores from the Common Toxicity Criteria. Improvement in VAS score was significantly greater in patients who received IT opioid therapy compared with those who did not ( Figure 1 ) [44] . Similarly, patients who received IT opioids experienced a significantly greater reduction in opioid-related side effects relative to patients without an IDDS (P < 0.001) [44] . Follow-up analyses indicated that improvements in pain and opioid-related side effects among patients who received IT opioid therapy were sustained through Week 12 [45] , and that the benefits of IDDS extended to patients with the most refractory pain [46] . However, a number of methodologic criticisms (e.g., unclear definition of refractory pain, betweengroup differences in disease severity at baseline, inconsistent IDDS trialing methods, cross-over between randomized groups, and failure to control for other treatments with the potential to provide analgesia) have called the conclusions of this study into question [47, 48] . Thus, study findings suggesting that IDDS may prolong survival in patients with cancer-related pain [44, 45] require replication.
Several prospective studies have shown improvement of pain with IT morphine in combination with other agents (Table 2 ) [49] [50] [51] [52] . Results of the largest prospective, observational study of IT morphine monotherapy in patients with refractory cancer-related pain (n ¼ 119) are detailed in the section below on "Intrathecal PatientControlled Analgesia" [53] ; in this trial, IT morphine significantly reduced pain from baseline through >1 year of follow-up with minimal side effects [53] . A smaller, prospective, observational study evaluated the use of combination IT therapy with morphine and levobupivacaine in 55 patients with advanced cancer and chronic refractory pain [49] . Patients were assessed at baseline, hospital discharge, and at months 1, 3, and 6. The final assessment was defined as the last observation made at least 1 week before the patient's death [49] . Mean pain intensity score was 8.0 (out of 10) at baseline and was significantly reduced from baseline at Month 1 (3.9; P < 0.0001), Month 3 (3.9; P ¼ 0.0002), and the last assessment prior to death (3.9; P < 0.0001) [49] . Mean systemic opioid consumption (in MED) was 566 mg/d at baseline and significantly decreased to 70 mg/d at Month 1 (P < 0.0001), 60 mg/d at Month 3 (P ¼ 0.0002), and 184 mg/d at the last assessment prior to death (P ¼ 0.29) [49] . Few complications were reported with IT therapy. Complications that occurred during the hospital stay following device implantation included urinary retention requiring bladder catheterization (six patients), headache (four patients), and bleeding (two patients) [49] . Two patients died due to reasons unrelated to IT implantation. After hospital discharge, local infection necessitated removal and replacement of the catheter in one patient; an additional patient experienced infection but the device was not replaced due to the patient's short life expectancy [49] . One patient developed spinal cord compression that required discontinuation of IT drug administration [49] . In another prospective, observational study in 22 patients who were refractory to or intolerant of oral analgesia, IT morphine and levobupivacaine for an average of 178 days [52] significantly reduced "worst pain" score (as assessed by the Brief Pain Inventory [BPI]) from baseline to Day 1 and Week 1 and through 6 months (P 0.05 for all time points) [52] . A 66% improvement in average BPI score was observed after only 1 week of treatment, with sustained reductions through the 6-month study period [52] . No infections or hematomas were reported, but headache was common (27% of patients; 6/22) [52] .
Similar results have been demonstrated in observational studies examining combination IT morphine and bupivacaine [50, 51, 54] . In a retrospective analysis of 17 patients who did not obtain adequate pain relief with IT morphine therapy, the addition of IT bupivacaine provided marked relief of pain in 10 patients and a moderate effect in another four patients [54] . In a prospective study of 52 patients with preterminal cancer pain who received IT morphine and bupivacaine (1:1 ratio), continuous pain relief (i.e., VAS of 0-2) was achieved in 85% of patients with no significant increase in morphine or bupivacaine dose [50] ; however, the separate contribution of morphine versus bupivacaine was not determined. A separate prospective study of 53 patients with refractory cancer pain demonstrated significant reduction of daily pain (as assessed by VAS score) from baseline through 6 months with constant infusion of IT morphine 0.5 mg/mL and bupivacaine 4.75 mg/mL (1:10 ratio) [51] . Based on the results of the last two studies, it appears that a higher relative bupivacaine dose may provide more stable pain relief to a greater number of patients and reduce morphine-related side effects compared with lower doses [51] .
Though lower in quality of evidence, four retrospective chart reviews also evaluated the efficacy of IT morphine in the relief of cancer-related pain [55] [56] [57] [58] . Review of charts of 76 patients who received neuraxial therapy for analgesia at an academic cancer treatment center identified 56 patients in whom IT administration was used and 23 patients who received epidural analgesia [59] .
The most common IT medications were morphine (28 patients), hydromorphone (11 patients), and morphine plus bupivacaine (seven patients) [59] . Severe pain was significantly reduced from baseline with IT and epidural analgesia, with no difference between groups [59] . Overall mean numeric rating scale (NRS) pain scores decreased from 7.9 (out of 10) at baseline to 4.1 at Week 8 (P < 0.001), with a concomitant reduction in mean overall opioid consumption [59] . A separate retrospective chart review of 43 patients with refractory cancer-related pain also demonstrated reduction of pain with IT morphine, but noted that pain reduction differed according to type and location of pain (neuropathic or nociceptive) and cancer progression [55] . Early in the course of patients' disease, median best pain reduction was 78% for nociceptive pain versus 61% for patients with neuropathic pain; as the disease progressed, alleviation of pain was much greater for nociceptive pain (67%) compared with neuropathic pain (11%) [55] . In addition, the extent of pain relief varied with pain location, with pain in the trunk area, thorax, abdomen, pelvis, and spinal column being the most responsive to IT therapy [55] . Additional prospective studies are necessary to confirm these preliminary results. Patients with cancer-related pain that was refractory to systemic morphine (200 mg/d) received CMM alone or IDDS plus CMM. CMM was based on previously published guidelines; IDDS was initiated with morphine but could be switched to other agents if necessary for pain reduction. Reduction in VAS pain score from baseline to Week 4 (as randomized and as treated) is presented. In the analysis of all patients as treated, the difference between nonimplanted and implanted patients is significant (P ¼ 0.007). In the analysis of patients randomized to IDDS as treated, the difference between nonimplanted and implanted patients is also significant (P ¼ 0.01).
Error bars are 62 standard errors.
CMM ¼ conventional medical management; IDDS ¼ intrathecal drug delivery system; VAS ¼ visual analog scale. Intrathecal implantable drug delivery systems involve risk for procedure-and device-related adverse events (e.g., bleeding, infection, catheter displacement or kinking, pump malfunction) regardless of the agent in the pump [60] . In addition, there are some adverse events of particular concern with IT morphine including respiratory depression, granuloma formation, endocrine disruption, peripheral edema, immunosuppression, constipation, urinary retention, pruritus, and hyperalgesia, as well as tolerance/physical dependence [41, 61, 62] . Pruritus is the most common IT morphine-related side effect, with prevalence estimates ranging from 0% to 100%; however, most incidences are mild [62] . Because morphine can interact with opioid receptors in the central respiratory centers [61] , late (>2 hours after administration) respiratory depression has been reported in the literature with extradural and IT morphine therapy. Respiratory depression is the most feared adverse event, but it is rare (incidence, 0.1%-0.4%) and can be reversed with administration of mixed opioid receptor antagonist [62, 63] . The risk of catheter-tip granuloma increases with longer duration and higher dose/concentration of IT opioid therapy [64] . When a granuloma is detected, noninvasive remediation (e.g., IT opioid discontinuation) is often sufficient; however, a neurosurgical consult is warranted if neurological symptoms are severe or there is evidence of spinal cord compression [64, 65] . Opioid-induced hyperalgesia is also an uncommon but important side effect of opioid therapy that can occur with IT administration [62, 66] . Opioid receptors can become desensitized to morphine (regardless of administration route) over time, leading to tolerance and dependence [61] . A retrospective investigation of the development of tolerance in 159 patients with refractory cancer-related pain who received IT morphine found moderate increases in the daily dose of IT morphine (2 to 3 times the initial dose), which reflected the development of tolerance without disruption of adequate analgesia [67] . Low or "microdosing" has been suggested as a strategy to potentially reduce adverse events associated with IT morphine use [68, 69] , but has not yet been studied in patients with cancer-related pain. In addition, some adverse events (e.g., withdrawal symptoms) can be the result of mechanical dysfunction of the pump (e.g., after repeated magnetic resonance imaging [70] ) and would likely be unaffected by such dose adjustments [71] .
Ziconotide
The first randomized, placebo-controlled trial of IT ziconotide was conducted in patients with chronic pain related to cancer (95 patients) or AIDS (13 patients; Table 2 ) who were refractory to conventional treatment [31] . In this study, ziconotide demonstrated efficacy for pain reduction, despite the brief study duration (5-to 6-day titration period followed by a 5-day maintenance phase for responders and a 5-to 6-day crossover period for nonresponders) [31] . Mean VAS of pain intensity (VASPI) scores (ranging from 0 [no pain] to 100 [worst pain imaginable]) improved by 53% in ziconotidetreated patients compared with 18% in the placebo group (P < 0.001), with sustained efficacy among ziconotide responders during the maintenance phase [31] . Pain relief was moderate to complete in 53% of patients in the ziconotide group and 18% of patients in the placebo group [31] . Five patients in the ziconotide group reported complete pain relief compared with none of the patients who received placebo [31] . Treatment response (defined as 30% decrease in mean VASPI score and no increase in concomitant opioid use or change in opioid type) was observed in 50% of patients receiving ziconotide versus 18% of patients receiving placebo (P ¼ 0.001) [31] . Opioid use decreased by 9.9% in the ziconotide group and increased by 5.1% in the placebo group [31] . In patients randomized to placebo who crossed over to ziconotide, mean reduction in VASPI score was 45% at the end of the 5-to 6-day crossover period [31] . However, the ziconotide dosing and titration schedule initially used in this study (0.4 mcg/h starting dose with upward titration every 12 hours to the maximum tolerated dose) resulted in problems with tolerability, prompting a change to a more tolerable dosing regimen (to a starting dose of 0.1 mcg/h with upward titration once every 24 hours to a maximum dose of 2.4 mcg/h) [31] . The most common adverse events (20%) reported with ziconotide treatment in this study were dizziness, postural hypotension, nystagmus, nausea, fever, somnolence, and confusion, and were typically dose related [31] .
In order to assess the potential tolerability of a slower ziconotide titration, a subsequent randomized, placebocontrolled trial in patients with primarily noncancerrelated pain was conducted [33] . Five patients reported malignant pain in this study [72] . This trial used a slow ziconotide titration schedule (starting dose of 0.1 mcg/h with upward titration by 0.05 to 0.1 mcg/h no more than once every 24 hours). The maximum dose used by any ziconotide-treated patient was 0.8 mcg/h (19.2 mcg/d) in this study [33] compared with 2.4 mcg/h in the previous trial [31] . After 3 weeks of treatment, significant mean improvement from baseline in VASPI scores were observed in the ziconotide group (12% improvement) compared with the placebo group (5% improvement; P < 0.05) [29] . Discontinuations of medication were similar in both treatment groups (ziconotide, 5.4%; placebo, 4.6%; P ¼ 0.8) [33] . Based on these results, it is currently recommended to initiate IT ziconotide at no more than 2.4 mcg/d (0.1 mcg/h) with upward titration by up to 2.4 mcg/d (0.1 mcg/h) at intervals of no more than 2 to 3 times per week, to a maximum of 19.2 mcg/d (0.8 mcg/h) [29] . However, two case reports have indicated that rapid dose escalation (e.g., from 8 mcg/d to 25 mcg/d during a 72-hour period) may be used to quickly improve cancer-related neuropathic pain without serious drug-related side effects [73, 74] . In addition, a novel dosing strategy-bolus flex dosing-has been developed to potentially improve the tolerability and efficacy of IT ziconotide [75] , but it has not yet been studied in patients with cancer-related pain.
A post hoc pooled analysis of the aforementioned randomized trials (i.e., patients from the final [slowertitration, lower-dosing] regimen within the first ziconotide randomized, controlled trial [31] and the slower-titration ziconotide study [33] ) examined the efficacy of ziconotide for relieving pain specifically in patients with cancerrelated pain [76] . Of 67 patients with cancer-related pain, 51 (35 of whom received ziconotide and 16 of whom received placebo) had VASPI scores assessed at both baseline and the end of titration assessments [76] . Mean baseline VASPI scores were similar between the two groups (75.5 mm and 75.8 mm for ziconotide and placebo, respectively), and mean percentage improvement in VASPI score was significantly greater in the ziconotide group compared with the placebo group ( Figure 2 ) [76] .
Consistent with the results from the post hoc pooled analysis, a retrospective chart review of 40 patients with cancer pain who received a bolus trial of ziconotide, either alone or in combination with hydromorphone or bupivacaine, demonstrated that ziconotide (mean effective dose of 2.77 mcg for ziconotide monotherapy or 2.47 mcg for ziconotide in combination) reduced pain by 30% within 24 hours in the majority (66%) of patients with minimal side effects [77] . A subsequent retrospective chart review over a 3-year period of 35 patients with cancer-related pain who had received a bolus trial at a tertiary academic cancer pain management center also observed significant pain reduction with minimal side effects using IT ziconotide. After the trial, pain reduction of 30% was reported for 27 patients (77%); IT ziconotide infusion was initiated (alone or with co-analgesics) in 21 patients of whom 19 had sufficient data available for review. Of the 19 patients, 53% achieved a stable ziconotide dose (mean, 3.0 6 0.4 mcg/d) after approximately 6 weeks, at which time "average" pain was significantly reduced from baseline by 33% (P ¼ 0.04) [78] . Only 7% of patients required dose reduction and discontinuation occurred in only one patient [78] . It should be noted that bolus trialing of ziconotide in patients with cancer-related pain is supported only by congress abstracts and not by published articles, although there are two published protocols in patients with noncancer-related pain [75, 79] .
A prospective observational study of 20 patients, all of whom had refractory pain related to disseminate cancer with bone metastasis involving vertebral bodies, evaluated IT combination therapy with ziconotide and morphine [80] . Patients had experienced pain refractory to oral opioids (mean oral morphine equivalent, 320 mg/d) for a mean of 6 months [80] . Patients received combination IT therapy with ziconotide 2.4 mcg/d and morphine 0.82 mg/d [80] . The dose of both medications was allowed to be increased depending on analgesic effect; Figure 2 Mean percentage change in VASPI score: pooled analysis of patients with cancer-related pain in two placebo-controlled clinical trials of ziconotide [76] .
Patients with pain related to cancer or AIDS received either a "fast" or "slow" titration schedule of ziconotide. The fast titration regimen consisted of a ziconotide 0.4 mcg/h starting dose with upward titration every 12 hours to the maximum tolerated dose over 5 to 6 days [31, 76] . The slow titration schedule used a starting ziconotide dose of 0.1 mcg/h with upward titration by 0.05 to 0.1 mcg/h no more than once every 24 hours to a maximum allowable dose of 0.9 mcg/h over 21 days [33, 76] . VASPI score was assessed at baseline and at the end of the titration period.
*P ¼ 0.023 vs placebo.
VASPI ¼ visual analog scale of pain intensity.
if necessary ziconotide dose was increased by 1.2 mcg/ d every 7 days [80] . A significant reduction in pain (as measured by VASPI score) from baseline with an IT combination of ziconotide and morphine was observed as early as 2 days (mean percentage change from baseline, 39 613%; P < 0.001) after treatment initiation [80] . After 28 days of ziconotide and morphine (maximum dose, 4.8 mcg/d and 3 mg/d, respectively), a 62% reduction in pain from baseline was observed (VAS 90 mm at baseline vs 34 mm at Day 28) [80] . The slowdose titration (1.2 mcg/d every week if needed) of ziconotide allowed for tolerability; only four patients developed mild adverse events judged to be related to study medication (one person each with dizziness, asthenia, confusion, and ataxia) [80] . A separate observational study in 77 patients with chronic intractable pain due to incurable cancer demonstrated that a slightly more aggressive dose titration (starting dose of 1.0 mcg/d, titrated by 0.25 to 0.5 mcg/d every 2 days) of ziconotide in combination with other IT agents (morphine, ropivacaine, and clonidine) reduced pain (from an NRS score of 8.1 at baseline [out of 10] to 4.1 after 1 month) and resulted in few incidences (9% of patients) of treatment discontinuation [81] .
A report from the Italian registry of ziconotide, a longterm, retrospective observational database, included 72 patients with noncancer pain and 32 patients with cancer-related pain [82] . Most patients with cancer-related pain (63%) had ziconotide as their first IT agent; morphine had previously been received in 38% of patients [82] . Most patients with cancer-related pain (77%) reported 50% reduction in pain intensity as assessed by VAS score, with a mean ziconotide dose of 5.5 mcg/d. Among the 10 patients with cancer-related pain who received IT ziconotide for >6 months (mean dose at 6 months, 4.9 mcg/d), pain reduction was maintained during the entire 6-month period [82] . Dose reductions were not reported in this study, but the main reasons for interruption of ziconotide therapy were adverse events (18%; 0 cancer patients, 19 noncancer patients) and uncontrolled pain (7%; one cancer patient, six noncancer patients) [82] . The most common adverse events overall were psychomotor disorders (34%), asthenia (22%), and balance disorders (20%) [82] . Unlike morphine, doses of ziconotide remained fairly constant once titrated, suggesting that tolerance was not an issue [82] .
Selection of Intrathecal Medication for Cancer-Related Pain: Morphine vs Ziconotide
Both morphine and ziconotide have demonstrated efficacy in the treatment of cancer-related pain, although the number of prospective or randomized, controlled studies is limited for both agents. Both are recommended as first-line IT therapies for neuropathic and nociceptive pain [28] . Trialing of a medication may be considered, although there is some debate over its usefulness given the difficulty in extrapolating long-term effect from a short duration of drug exposure [28] and the need for rapid pain relief in cancer patients with short-life expectancy [37, 39] . Trialing of morphine may be problematic due to route conversion issues and the potential need for dose reduction of systemic opioids, both of which may pose safety concerns for some patients [38] . A trial of ziconotide may be considered in patients in whom systemic opioid exposure has not provided adequate response and those who are opioid intolerant [28, 38] . However, because the side effect profile of the medication is related to titration rate and not overall dosage, trialing of ziconotide presents some challenges [28] .
There is little available information regarding the efficacy of IT analgesia in cancer survivors, as most studies of cancer-related pain enrolled patients with late-stage disease. Cancer survivors who receive an IDDS are likely to receive long-term IT therapy, and therefore, consideration of potential adverse events (e.g., neuropsychiatric side effects of ziconotide, granuloma formation, hypogonadism, immunosuppression, and development of tolerance and/or opioid-induced hypersensitivity with IT morphine) is of increased importance. Opioids are associated with several life-threatening adverse events (e.g., respiratory depression, granulomas) and incur tolerance [38] , which may be of particular concern for younger patients (aged 18-50 years) in whom there is a greater risk for opioid tolerance compared with their older counterparts [83] . In addition, withdrawal symptoms may occur with morphine therapy if drug delivery is disrupted due to dysfunctions such as catheter disruption, pump malfunction, or an empty reservoir [38] . There was no indication of respiratory depression in clinical trials of IT ziconotide, even in patients who received doses greater than the maximum recommended dose, and ziconotide did not potentiate morphine-induced respiratory depression in animal studies [29] . IT ziconotide therapy may be interrupted or discontinued abruptly without evidence of withdrawal effects [29] .
Intrathecal Patient-Controlled Analgesia for Cancer-Related Pain
Patient-controlled analgesia (PCA) is widely used in the intravenous administration of opioids for managing cancer-related pain [84, 85] . Development of the Personal Therapy Manager (PTM) for the SynchroMedV R Infusion System (Medtronic, Minneapolis, MN) extended the availability of patient-controlled analgesia to IT medication delivery [86, 87] . This technology allows patients the freedom (within physician-set limits) to self-administer boluses of pain medication either in place of a continuous infusion pump or in response to breakthrough pain during use of a continuous pump system [88] . Similar patient-controlled IT bolus dosing is available for the Prometra V R II Programmable Pump System (Flowonix Medical, Mt Olive, NJ) [89] .
Use of PCA with Intrathecal Morphine
A prospective study investigated the safety and efficacy of patient-activated delivery of noncontinuous IT morphine boluses in patients with refractory cancer-related pain [53] . Of 149 enrolled patients, 119 completed screening and received the IDDS. Patients were experiencing chronic pain related to the disease (e.g., lung, breast, colorectal, or prostate cancer) or antineoplastic therapies. Mean NAS pain ratings decreased from 6.1 (out of 10) at baseline to 4.2 at Month 1 (31% reduction; P < 0.01); a similar magnitude of pain improvement was sustained through Month 13 (P < 0.05) [53] . During the 13-month period, 70% of patients reported a 50% reduction from baseline in the use of systemic opioids [53] . Overall success (50% reduction in NAS pain score, use of systemic opioids, and/ or opioid complication severity index) was reported in 83%, 90%, 85%, and 91% of patients at Months 1, 2, 3, and 4, respectively [53] . Overall, PCA delivery of IT morphine was fairly well tolerated, although procedure-and device-related complications were frequent (55 events and seven events, respectively) [53] .
A retrospective chart review that included 31 patients with refractory cancer-related pain who received IT therapy with morphine or hydromorphone (28 patients also received bupivacaine) with IT PCA for breakthrough pain also reported significant analgesic benefits with patientcontrolled delivery of IT morphine [90] . At a 4-to 6-week follow-up, mean NRS score had decreased from 6.5 at baseline to 3.1 (P < 0.001) [90] . In addition, the proportion of patients with severe pain (score 7) was greatly reduced (3% at follow-up vs 65% at baseline), and overall non-IT opioid consumption (in MED) had decreased from 796 mg/d at baseline to 64 mg/d (P ¼ 0.003) [90] . The only significant complication observed was an increase in intense pain in one patient due to catheter movement out of the IT space; the catheter was replaced and pain reduction was achieved [90] . Mild, transient, lower extremity weakness, and urinary hesitancy were reported by several patients, but did not require significant intervention [90] .
A recent prospective study that evaluated the use of PCA during IT therapy with a number of agents (i.e., morphine, hydromorphone, fentanyl, bupivacaine, clonidine, baclofen, and ziconotide) in the management of patients with refractory cancer-related pain further demonstrated beneficial effects of IT PCA therapy [88] . Most patients (91%) in the trial received either morphine or hydromorphone in their IT regimen; nine patients (16%) received ziconotide [88] . In the 58 patients with available follow-up data, numerical rating scale score for "worst" pain decreased from 8.3 (out of 10) at baseline to 5.0 with IT therapy (average duration of follow-up, 42 days); 56% of patients obtained 30% pain reduction and 44% of patients obtained 50% pain reduction; the proportion of patients with severe pain (NRS score 7) decreased from 84% to 35% [88] . Most patients (61%) indicated that IT PCA was "a lot better" at controlling breakthrough pain than their previous medication [88] . Mean oral opioid consumption (in MED) decreased from 805 mg/d to 128 mg/d, and 66% of patients had discontinued all non-IT opioid medications at follow-up [88] . Complications in the 98 patients who received an IT pump implant included pump infection (one patient), postdural puncture headache (three patients), and lower extremity weakness (which was managed by decreasing or eliminating the bupivacaine dose) and urinary hesitancy (that did not necessitate bladder catheterization), which occurred in several patients [88] .
Use of PCA with Intrathecal Ziconotide
According to the Medtronic PTM information for prescribers, use of PTM is contraindicated for IT ziconotide because of the medication's defined titration schedule [91] . However, bolus dosing with IT ziconotide has been shown to be effective in reducing pain, which suggests that pain relief may be achievable through PTM administration [75] . Indeed, an approach for using the PTM in patients receiving continuous infusion of ziconotide alone or in combination with opioids has been proposed [92] . The use of PTM with IT ziconotide has not yet been evaluated in controlled clinical trials; however, there is preliminary evidence of efficacy from small uncontrolled studies [88, 92] . In a case series of patients with cancer-related pain (N ¼ 3; two with metastatic breast cancer and one with metastatic pancreatic cancer), continuous IT ziconotide (1.0 mcg/d to 6 mcg/d) and hydromorphone (1.2 mg/d to 1.5 mg/d) with PTM doses of IT ziconotide and hydromorphone (0.1 mcg to 0.25 mcg and 0.15 mg to 0.25 mg, respectively) every 3 to 8 hours also improved functionality and pain, although pain in one patient remained high [92] . A recent prospective study by Brogan et al. evaluated the use of PCA during IT therapy with several agents (i.e., morphine, hydromorphone, fentanyl, bupivacaine, clonidine, baclofen, and ziconotide), used either as IT monotherapy or in combination, in the management of patients with refractory cancer-related pain [88] . Four patients received ziconotide as the sole IT agent. In these four patients, opioid dose decreased from baseline to follow-up in two patients and remained the same in two patients [88] . These initial findings, although inconclusive, provide support for additional research to establish the efficacy, safety, and tolerability of PTM administration of IT ziconotide [92] .
Clinical Implications
Most data regarding the use of IT therapy for reduction of cancer-related pain have been generated in cancer patients with advanced disease [28, 34] . IT treatment in patients with end-stage cancer-related pain may add several additional challenges, although IT therapy has been shown to provide pain relief in these patients [93] . The decision to implant an IDDS must be based on an appropriate risk/benefit ratio that weighs the possible benefits (i.e., pain relief) and harms (e.g., surgery risk, drug management issues) of IT treatment against palliative care options (e.g., hospice) [28] . Placement of the IDDS device may be constrained by the need to access body regions required for radiation and chemotherapy treatments and the location of metastatic disease [34, 39] . Exposure to radiation may cause failure of the IDDS device and epidural metastases may impair diffusion of IT medication within the spinal column and reduce analgesia [39] . In addition, timing of IDDS placement is dependent on patients' attainment of acceptable white blood cell and platelet counts and requires communication and coordination with patients' oncologists [39] . Patients with cancer-related pain may be taking a variety of medications (e.g., anticoagulants) in addition to chemotherapy agents, and may have additional comorbidities that impact the decision to implant an IDDS device and, potentially, the selection of IT treatments [39] .
Cancer survivors (i.e., any person who has had a cancer diagnosis, particularly those beyond the acute diagnosis and treatment phase of illness) represent a unique patient population for IT therapy for chronic pain [13, 14] . Chronic pain may be underreported by cancer survivors for fear of learning of a recurrence, unwillingness to be perceived as a "drug seeker," or desire to be a "good patient" [19] . Survivors may have less comorbidity than their counterparts undergoing cancer treatment, and therefore, may require less intensive treatment (i.e., monotherapy instead of combination treatment, lower medication doses, more gradual dose escalation, and trialing). Unfortunately, there is little to no evidence regarding treatment regimens in this specific patient population; therefore the use of IT therapy for pain management must be extrapolated from studies of patients with chronic noncancer-related pain. For example, reduced IT medication doses and lower reliance on oral opioids (i.e., opioid-sparing and microdosing) [69, 94] have been shown to be effective in the IT management of noncancer pain and may also be considered for cancer survivors. Finally, IT therapy choice should take into account the impact of long-term, chronic administration (e.g., efficacy and tolerance concerns with morphine vs ziconotide) that may be required by young cancer survivors.
In general, the use of IT analgesia in long-term cancer survivors should follow the chronic pain algorithm for IT therapy [28] . For patients with active disease, IT pain management should be individualized, based on disease progression and discussion with the oncology team [39] . Typically, advanced disease with progression warrants faster IT therapy titration and more liberal use of IT combination therapies [34, 39] , whereas the cancer survivor in long-term remission requires slower titration dependent on side effects and efficacy.
Conclusions
IT therapy for patients with cancer pain associated with advanced disease has been studied, but the optimal timing of implantation, selection of IT medications, and specific strategies for dosing and administration have not been well defined. Increases in cancer survivorship [10, 17] are prompting a paradigm shift in the treatment of cancer-related pain from a short-term, palliative care approach toward long-term management of chronic pain. IT administration of pain medications (e.g., morphine and ziconotide) is a therapeutic option for cancer patients with and without active disease, although additional research is needed to support effectiveness in cancer survivors. In the absence of research on IT therapy in cancer survivors, optimal treatment regimens should integrate applicable findings from research in patients with advanced cancer with current best practices for patients with noncancer-related pain, with consideration for the particular medical and psychological needs of cancer survivors.
